Continuous-wave (CW) laser crystallization (CLC) of amorphous Si (a-Si) has previously been employed to fabricate high-performance low-temperature polycrystalline silicon (poly-Si) thin-film transistors (TFTs). Unfortunately, their uniformity was poor because the shape of the beam profiles was Gaussian. In this study, a-Si film was replaced by Ni-metal-induced laterally crystallized Si (MILC-Si). MILCLC-Si was MILC-Si irradiated by a CW laser (k % 532 nm and power % 3.8 W). It was found that the performance and uniformity of the metal-induced laterally crystallized continuous-wave laser crystallization -thin film transistors (MILCLC-TFTs) were much better than those of the CLC-TFTs. Therefore, the MILCLC-TFT is suitable for application in systems on panels.
INTRODUCTION
Low-temperature polycrystalline silicon (LTPS) thin-film transistors (TFTs) have attracted considerable interest for their application in organic lightemitting diode displays and liquid-crystal displays, since they exhibit good electrical properties and can be integrated into peripheral circuits on inexpensive glass substrates. 1 For the application to systems on panels (SOP) and solar cells, the uniformity of polycrystalline silicon (poly-Si) grain size and crystallinity should be improved.
As LTPS TFTs require glass substrates, intensive studies on reducing the crystallization temperature of amorphous silicon (a-Si) films have thus been carried out. Ni-metal-induced lateral crystallization (MILC) is one of these efforts. In MILC, Ni islands are selectively deposited on top of a-Si films and allowed to crystallize at a temperature below 600°C. 2, 3 Continuous-wave (CW) laser crystallization (CLC) of a-Si has also been recently employed to fabricate high-performance LTPS TFTs. [4] [5] [6] [7] Compared with the excimer laser crystallization (ELC) process, the CLC process is simpler, easier, and relatively inexpensive. Unfortunately, the resulting uniformity was poor because the shape of the beam profiles was Gaussian. 8 To improve the uniformity of CLC-TFT, a new method for fabricating metal-induced laterally crystallized continuous-wave laser crystallizationthin film transistors (MILCLC-TFTs) is proposed in this letter. Instead of a-Si, MILC-Si film was irradiated by a CW laser at various output powers.
EXPERIMENT
Two kinds of Si films (a-Si and MILC-Si) were irradiated by CW laser at room temperature in an air atmosphere. Samples designated ''CLC'' were a-Si films and those designated ''MILCLC'' were MILC-Si films irradiated by CW laser. A 4-inch quartz wafer with a 500-nm-thick wet oxide layer was used as the substrate. To form the a-Si film, a 100-nm-thick silane-based undoped a-Si layer was deposited using low-pressure chemical vapor deposition (LPCVD). To form the MILC-Si film, Ni lines were deposited on the a-Si film and subsequently annealed at 550°C for 12 h. 9 Both films were then irradiated using a CW laser at various output powers (2.5 W, 3.8 W, and 5 W). When fabricating the MILCLC poly-Si, the scanning direction of the CW laser was parallel to the MILC needle-like poly-Si grains.
Reactive ion etching (RIE) was employed to form islands of poly-Si regions on the wafers. Next, a 100-nm-thick tetraethylorthosilicate/O 2 oxide layer was deposited as the gate insulator by plasma-enhanced chemical vapor deposition (PECVD). Then a 200-nm-thick poly-Si film was deposited as the gate electrode by LPCVD. After defining the gate, selfaligned 40-keV phosphorous ions were implanted at a dose of 5 9 10 15 cm -2 to form the source/drain and gate. Dopant activation was performed at 600°C in N 2 ambient for 24 h. Contact holes were formed and a 500-nm-thick Al layer was then deposited by thermal evaporation and patterned as the electrode. The sintering process was performed at 400°C for 30 min. Figure 1 shows scanning electron microscopy (SEM) images of the Secco-etched CLC and MIL-CLC irradiated under various laser output powers. As can be seen, the CLC poly-Si comprises grains of various sizes distributed in three distinct regions. 8 As shown in Fig. 1a , at the laser output power of 2.5 W, CLC-2.5 was found to be in the solid phase crystallization (SPC) region with fine grains. With increasing laser output power, CLC-3.8 was found to be in the partially melted region with large ELC poly-Si-like grains, as shown in Fig. 1b . 8 When the laser output power reached 5.0 W, CLC-5.0 was found to be in the completely melted region. As seen in Fig. 1c , the uniformity of CLC-5.0 grains was poor, containing both ELC poly-Si-like grains and very large directional grains.
RESULTS AND DISCUSSION
As for the fabrication of the MILCLC poly-Si, Fig. 1d shows that, at lower laser output power, the sizes and shapes of MILCLC-2.5 needle Si grains were similar to those of MILC poly-Si. This is because MILCLC-2.5 was found to be in the SPC region. Only some of the a-Si regions among the Si grains were melted and crystallized. When the laser output power reached 3.8 W, the width of the MILCLC-3.8 grains increased to 3 lm, as shown in Fig. 1e . Compared with that of CLC-3.8, the grain size of MILCLC-3.8 was larger and the uniformity was better. We believe that most of the a-Si and small MILC grains in this regime were molten. However, the large grains were only partially molten and served as predetermined nuclei for grain growth. The width of these grains increased markedly due to the geometrical coalescence of Si needle grains. Geometrical coalescence can be simply described as an encounter of grains whose relative orientations are similar during grain growth. 10 The grain boundary between grains disappears, resulting in sudden development of a much larger grain. This coalescence is an important phenomenon for grains having a strong preferred orientation. In this study, MILC needle Si grains had a strong preferred orientation of h111i.
The crystal structure of MILCLC-5.0 was similar to that of CLC-5.0. It contained both ELC poly-Si-like grains and very large directional grains. As shown in Fig. 1f , the uniformity of MILCLC-5.0 grains was poor. This is because MILCLC-5.0 was found to be in the completely melted region. Figure 2 shows the transfer characteristics and field-effect mobility versus the gate voltage of TFTs in the random grain structure for W = L = 20 lm at V DS = 5 V and V DS = 0.1 V, respectively. The measured and extracted key device parameters are also summarized in Fig. 2 . The threshold voltage (V th ) was defined as the gate voltage required to achieve a normalized drain current of I DS = (W/L) 9 100 nA at V DS = 5 V. It was found that, when the laser output power was 5.0 W, the electrical performance of MILCLC-5.0 and CLC-5.0 was similar, both showing excellent performance. This is because they were in the completely melted region. Both Si films had very large directional grains.
However, the performance of MILCLC-3.8 and CLC-3.8 TFTs were quite different when the laser output power was 3.8 W. Compared with CLC-3.8 TFTs, MILCLC-3.8 TFTs exhibited higher field-effect mobility, superior subthreshold slope (SS), lower threshold voltage (V th ), and higher on/off current ratio. The superior performance of MILCLC-3.8 is attributed to the quality of large silicon grains. As seen in Fig. 1e , the size of MILCLC-3.8 coalescence grains was larger than that of CLC-3.8 grains. Moreover, most of these coalescence grains and their boundaries were parallel to the drain current (I DS ), which reduced the impedance to carrier flow. This in turn decreased the threshold voltage and increased greatly the mobility and I on /I off current ratio.
The electrical characteristics of both CLC-2.5 and MILCLC-2.5 were not as good as those of other TFTs. The performance of CLC-2.5 TFT was similar to that of SPC since the CLC-2.5 film contained SPC poly-Si-like grains. On the other hand, the performance of MILCLC-2.5 TFT was similar to that of MILC-Si since only some of the a-Si regions among MILC grains were melted. As a result, the mobility of CLC-2.5 was 4.1 cm 2 /V s, while that of MILCLC-2.5 was 50 cm 2 /V s.
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The other important issue of poly-Si TFTs is their uniformity for application on SOP and solar cells. As shown in Fig. 3 , ten TFTs were measured in each case to investigate the device-to-device variation. Table I lists the average values of the field-effect mobility and threshold voltage of TFTs with standard deviations in parentheses. Since the electrical characteristics of CLC-2.5 and MILCLC-2.5 were poor, their uniformities were not listed here. Although the mobility of both MILCLC-5.0 and CLC-5.0 was high, their uniformity was poor and their standard deviations were large. This is because both films contained two different kinds of grains: ELC poly-Si-like grains and very large directional grains. The uniformity of CLC-3.8 and MILCLC-3.8 was much better and their standard deviations were small. As mentioned previously, MILCLC-3.8 has uniformly distributed geometrical coalescence grains. As a result, MILCLC-3.8 has the smallest standard deviation. 
CONCLUSION
To improve the uniformity and electrical performance of CLC-TFTs, two kinds of Si films (a-Si and MILC-Si) were used in this study. After irradiation by a CW laser at various output powers (2.5 W, 3.8 W, and 5 W), it was found that the performance and uniformity of MILCLC-TFTs were better than those of CLC-TFTs. When the laser output power was low (2.5 W), both films were found to be in the SPC region. Only some of the a-Si regions were melted. The electrical characteristics of CLC-2.5 and MILCLC-2.5 were poor. When the laser output power reached 5.0 W, CLC-5.0 and MILCLC-5.0 were found to be in the completely melted region. They both showed excellent performance. Unfortunately, the uniformity was poor because they contained two kinds of grains: ELC poly-Si-like grains and very large directional grains. When the laser output power was intermediate (3.8 W), CLC-3.8 and MILCLC-3.8 were found to be in the partially melted region with large ELC poly-Si-like grains. The performance and uniformity of MILCLC-3.8 were much better than those of CLC-3.8. This is because the width of the MILCLC-3.8 grains increased dramatically due to the geometrical coalescence of MILC-Si needle grains. Moreover, the uniformity of MILCLC-3.8 was far superior to that of CLC-5.0 and MILCLC-5.0, and therefore was suitable for SOP application.
